Platyphylloside, oregonin and hirsutanonol 5-O-b-D-glucopyranoside are known bioactive metabolites in Alnus nepalensis. In this article, the aforementioned three markers were isolated and simultaneously quantified by the thin-layer chromatography densitometric method. A sensitive, selective and robust qualitative and quantitative densitometric high-performance thin-layer chromatographic method was developed and validated for the determination of above markers in the leaves of A. nepalensis. The separation was performed on silica gel 60F 254 high-performance thin-layer chromatography plates using chloroform:methanol:formic acid (75:25:2, v/v) as mobile phase. The quantitation of diarylheptanoids was carried out using the densitometric reflection/absorption mode at 610 nm after post-chromatographic derivatization with vanillin-sulfuric acid reagent. A precise and accurate quantification can be performed in the linear working concentration range of 333 -3330 ng/spot with good correlation (r 2 5 0.999). The method was validated for peak purities, precision, robustness, limit of detection and quantitation, etc., as per ICH guidelines. Specificity of quantitation was confirmed using retention factor and spectra correlation of markers in standard and sample tracks.
Introduction
The Alnus genus comprises about 30 species of trees and shrubs found in the northern Hemisphere (1) . Alnus nepalensis (D. Don), an alder species, family Betulaceae, is an actinorhizal tree found in the hilly regions of Eastern and Northeastern India (2) . Diarylheptanoids belong to a phenolic class of natural products based on 1,7-diphenylheptane frame, and many diarylheptanoids have been isolated from Zingiberaceae and Betulaceae plants up to date. In general, diarylheptanoids are known to exhibit a range of biological activities including antioxidant, anti-influenzal, anticancer, hepatoprotective and anti-inflammatory activities. Platyphylloside (PLS) (1), oregonin (ORE) (2) and hirsutanonol 5-O-b-D-glucopyranoside (HOG) (3) are pharmacologically active compounds isolated from A. nepalensis. ORE reveals antioxidant, anti-inflammatory and antitumor-promoting effects (3 -5) . ORE has also been shown to reveal an antioxidative effect through scavenging actions on superoxide and 1,1-diphenyl-2-picrylhydrazyl radical (6) . This compound prevents the expression of inducible nitric oxide synthase in RAW264.7 macrophages and BV-2 microglial cells exposed to lipopolysaccharide in combination with interferon-g or not (3, 7) and attenuates lipopolysaccharide-induced expression of cyclooxygenase-2 (4) . ORE increases the toxicity of natural killer cells against B16 -F10 melanoma cell lines (5) . ORE may exert an inhibitory effect against the dendritic cell-mediated immune response (8) . PLS is known to show antifibrotic activity (9) , inhibitory activity on lipopolysaccharide-induced nitric oxide production in BV2 microglia (10) antioxidative, hepatoprotective (11), anti-influenzal (12), cytotoxic (13) and anticancer activities (14) . HOG showed anti-inflammatory (15) and antioxidative activities (16) . PLS and HOG revealed protective effects of diarylheptanoid derivatives in human HepG2 cells (17) , nitric oxide and prostaglandin E2 synthesis inhibitory activities (18) . To the best of our knowledge, no information related to simultaneous quantification of diarylheptanoids PLS (1), ORE (2) and HOG (3) in A. nepalensis has ever been reported. The HPLC (19) and capillary electrophoresis (20) methods have been used to screen ORE in several Alnus plants. These reported methods are suitable for single diarylheptanoids analysis and lack sensitivity and resolution in the analysis of complex isomeric diarylheptanoids mixture. High-performance thin-layer chromatography (HPTLC) is the method commonly applied for the identification assay and stability study of herbal raw materials and formulations. Currently, the HPTLC method emerges as an alternative to HPLC because of far less solvent consumption, reduction of the analysis time, cost of analysis, besides being ecofriendly. The HPTLC method also facilitates repeated detection (scanning) of the chromatograms with same or different parameters. The objective of the present study was to optimize, develop and validate a rapid, sensitive and accurate HPTLC method for the determination of diarylheptanoids PLS (1), ORE (2) and HOG (3) in A. nepalensis.
Experimental

Chemicals and standard
The markers PLS (1), ORE (2) and HOG (3), (Figure 1 ) used for analysis, were of 99% purity (determined by HPLC and spectral analysis). All the three markers were isolated using classical elution chromatography in our laboratory, characterized by recording m.p., IR, NMR and mass spectra, and identified by comparison with the reported data (21 -23) . The solvents used for extraction and chromatographic isolation were of either analytical or HPLC grade and purchased from E. Merck Ltd., Mumbai, India. Vacuum liquid chromatography was performed using silica gel H. Safety warning: Chlorinated solvents are considered cancer suspect agents.
Plant material and sample preparation Leaves of A. nepalensis were collected from Kausani, Uttrakhand, India. A voucher specimen (no. 13644) has been deposited in the herbarium of Central Institute of Medicinal and Aromatic Plants, Lucknow, India. The dried and finely milled leaves (100 mg) of A. nepalensis were extracted by the cold percolation method for 24 h using different solvents such as methanol, acetone and chloroform to determine the content of markers in a particular extract (Table I) . Extraction was optimized as solvents, extraction time and techniques.
Extraction and isolation of markers from A. nepalensis The air-dried powdered leaves of A. nepalensis (600 g) were macerated with MeOH (2 L) overnight and evaporated in vacuo to yield crude extract (200 g). This crude extract was suspended in H 2 O (600 mL) and extracted with hexane (3Â 500 mL). The aqueous MeOH was further diluted with water and extracted with CHCl 3 (3Â 500 mL) and butanol (3Â 500 mL) successively. Vacuum concentration yielded hexane extract (32 g), CHCl 3 extract (20 g) and butanol extract (90 g). Butanol extract was subjected to vacuum liquid chromatography over silica gel eluting with a gradient of CHCl 3 -MeOH (each 4.5 L, CHCl 3 -MeOH 1:0, 19:1, 23:2, 9:1, 17:3, 4:1, 39:11, 3:1, 7:3, 13:7, 3:2) to afford 11 corresponding fractions (C1-11). Fr.8 (2 g) and 9 (1.5 g) were mixed and further subjected to column chromatography eluting with a gradient of CHCl 3 -MeOH. Fr.4 (4% CHCl 3 -MeOH) was subjected to reverse-phase preparative HPLC (RP-C18, MeOH:H 2 O, 45:55, 15 mL/min) to give compounds 1 and 2 (t R 8.8 and 6.3, respectively). Fr.5 (800 mg) (6% CHCl 3 -MeOH) was subjected to reverse-phase preparative HPLC (RP-C18, MeOH:H 2 O, 40:60, 15 mL/min) to give compound 3 (t R 6.5). 
PLS Brown viscous mass
13 C NMR (MeOD, 75 MHz) d 29.6 (C-1), 46.2 (C-2), 211.9 (C-3), 48.4 (C-4), 76.2 (C-5), 38.4 (C-6), 31.3 (C-7), 133.1(C-1 0 ), 130.3 (C-2 0 , 6 0 ), 116.1 (C-3 0 , 5 0 ), 155.9 (C-4 0 ), 134.2 (C-1 00 ), 131.3 (C-2 00 , 6 00 ), 116.5 (C-3 00 , 5 00 ), 156.2 (C-4 00 ), glu 103.2 (C-1), 75.1 (C-2), 77.8 (C-3), 71.4 (C-4), 77.7 (C-5), 62.7 (C-6), EIMS m/z: 499 [MþNa] þ (C 25 H 32 O 9 ).
ORE Brown viscous mass
Instrumentation
Preparative HPLC (Shimadzu, Japan) consisting of a column (Supelcosil LC-18, 21.2 Â 250 mm, 12 mm), pumps LC-8A and a PDA detector was used for isolation and purification of reference compounds. Precoated thin-layer chromatography (TLC) silica gel 60F 254 (10 Â 10 cm, 20 Â 10 cm, E. Merck, Darmastadt, Germany) was used for optimization of analytical protocol. Vario system, TLC Scanner winCATS-III, Reprostar 3, twin trough chamber, immersion device III and TLC plate heater (Camag, Muttenz, Switzerland) were used for digital image scanning for HPTLC method development and validation. NMR spectra were recorded in deuterated methanol and pyridine with TMS as internal standard using 300 MHz spectrometer (Avance, Bruker, Switzerland). ESIMS spectra were obtained on LCMS-2010EV (Shimadzu, Japan) hyphenated to LC system (LC-20AD, CTO-20A, SIL-10AF, SPDM20A and ABM-20A). ) followed by air-drying for 5 min. The plates were then heated for 5 min at 1108C using TLC plate heater-III (Camag) and quantified densitometrically at 610 nm. TLC Scanner-III controlled by the win CATS 1.4.2.8121 software was used for quantitative evaluation. The densitometry scanning was performed in the reflectance/absorbance mode: slit width 6.00 Â 0.45 mm, scanning speed 20 mm s 21 and data resolution 10 m step 21 . Savitsky-Golay 27 was used for data filtering and the lowest slope for baseline correction to integrate the area. For recording of characteristic derivatized spot of compounds and sample tracks in the range 400-800 nm, a tungsten lamp was used. Reprostar 3 with cabinet cover and mounted digital camera (Power Shot G5 with Neck Strap NS-DC2, Canon, Japan) was used for imaging and archiving the thin-layer chromatograms. Quantitation was performed using area under peak with linear regression of amount in micrograms per band. Peak profiling was performed in visible region after derivatization (Figure 2 ). The HPTLC chromatograms of the markers and extract of A. nepalensis are shown in Figure 3 .
Chromatographic conditions
Statistical analysis
Concentration -response curves were obtained using the Prism 5.01 software package (Graph Pad, San Diego, USA), and data were reported as mean values obtained three or five independent experiments. Statistical estimates (RSD%, goodness of fit, fisher test, P value, least square regression) were performed for validation of proposed method.
Results
Sample preparation for chromatographic analysis
Standard stock solution of marker compounds PLS, ORE and HOG was prepared in 1.0 mg/mL concentration in methanol. Working stocks for calibration studies were prepared by dilution using a Hamilton syringe (Bonaduz, Switzerland). Dried and finely powdered plant material (100 mg) was extracted with 10 mL using different solvents (hexane, chloroform, acetone, ethyl acetate and methanol). Different techniques like cold percolation (kept for 24 h at 308C), microwave extraction (at 508C and 350 W for 10 min), sonication (for 30 min at 508C) and hot extraction (at boiling water bath for 30 min) methods were applied in order to improve the quantity of the extracted compounds. Extracted samples were made up to 1 mL and centrifuged at 10,000 rpm for 5 min prior application on TLC. Methanol was optimized as suitable solvent by comparing the percent content of markers in different extracts (Table I) . Microwave extraction was found to be most appropriate due to high comparative extraction efficiency (Table II) .
Optimization of chromatographic conditions
Method validation
Method validation was performed on the parameters such as linearity, limit of sensitivities, specificity, precision, accuracy, recovery and robustness as per ICH (24) and IUPAC (25) guidelines. All the data were evaluated using standard statistical packages for Windows and GraphPad Prism 5.01 (GraphPad Figure 2 . Photo-documentation after derivatization in white radiation: 1, artificial mixture of three markers; 2, methanolic extract of A. nepalensis Software, Inc., USA). Statistical significance was considered at 95% probability level (P , 0.05).
Calibration curves, limits of detection/quantification
The calibration curves were linear in the working range of 333 -3330 ng mL 21 with correlation coefficients (r 2 ) . 0.999 for compounds. Each concentration was spotted thrice. The calibration curves were prepared by the least-squares method using absolute amount (mg/band) as independent variable (X) and the peak area of standards as dependent variable (Y). Regression analyses test of the compound was performed by GraphPad Prism 5.01. Linearity was checked for three consecutive days for the same concentration range (six data point in triplicate) from different stock solutions. Limit of detection (LOD) and limit of quantification (LOQ) were determined using the linear regression equations: LOD ¼ 3Sy, x/b and LOQ ¼ 10Sy, x/b, where Sy, x is the standard deviation of the Y-value distribution around the regression line and b is the slope of the calibration curve. LODs for PLS (1), ORE (2) and HOG (3) were 129, 172 and 144 ng and LOQ values 429, 573 and 481 ng, respectively.
Specificity
The specificity was ascertained by co-analyzing standards and samples. Assessment of peak purity showed peak homogeneity thereby excluding the possibility of the presence of interfering components. UV -vis spectra of markers in standard track were matched with the UV -vis spectra of markers in sample track. Spectral matching was .0.999 (Figure 4 ) for all marker compounds. The bands for marker compounds in sample track were confirmed by comparing the retention factor (Rf ) values.
Precision
Precision of marker compounds was determined at the LOQ level. The repeatability of measurement (n ¼ 6) of peak area for markers was expressed in terms of percent coefficient variation. RSD% values for the repeatability test showed no significant intraand inter-day variation in the analysis of compounds (Table III) .
Accuracy
The accuracy of the method was determined by calculating recoveries of markers by the standard additions method. Known amount of standard solution of markers in three concentration ranges were added to pre-quantified extract of plant sample. The amount of markers was estimated by the calibration curves.
Robustness
To test the robustness of the method, deliberately small changes in the chromatographic parameters, which may affect the performance of the method, were introduced. Mobile phase having chloroform:methanol:formic acid (75:25:2, v/v) was tried with variation of 0.5% (v/v) in each solvent. Time gap between spotting to chromatography, from chromatography to scanning, and derivatization time ( plate heating time) was varied from 0, 30, 60 min.Dipping timewasalsovaried between2and 10 s.Robustness was performed at three levels: 750, 1000 and 1500 ng/band for compounds 1, 2 and 3, respectively. At a time only one parameter was varied, while the rest were kept constant. The effects on the results, i.e., peak areas were examined. The coefficient of variation (RSD%) of peak areas was calculated for each parameter (Table V) . Separation was not affected by changing scanning wavelength +5 nm. 
Discussion
This method was validated in terms of precision, repeatability, robustness and accuracy. Composition of mobile phase was optimized by testing different solvent systems of varying polarity. The specificity of the method was confirmed using the spectral comparison of standards and samples. The peak purity of diarylheptanoids were assessed by comparing the spectra at three different levels, i.e., peak start, peak apex and peak end positions of the spot to obtain the best analytical result. found to be 129, 172 and 144 ng/band for compounds 1, 2 and 3, respectively, whereas LOQ values were 429, 573 and 481 ng/band, respectively (Table III) . The results show a high sensitivity of the method for the investigated test compounds (1-3) . The average recoveries for compounds 1, 2 and 3 were found to be 96.70%, 95.81% and 98.17, respectively within the acceptable RSD%. Good recoveries are in support of accuracy of method (Table IV) . The results depicted in Table IV showed no significant inter-and intraday variation in the analysis of the test compounds. The low values of RSD% show the robustness of the method (Table V) . Taking into account that the validation parameters were found within the recommended limits, the proposed method is suitable for the quantification of test markers from real samples.
Conclusion
TLC is a globally accepted practical solution to characterize the raw herbs, active constituent enriched extracts and their formulations. A rapid, precise, accurate and specific HPTLC method for analysis of diarylheptanoids was developed which can be performed without any special pretreatment. This is the first report on the simultaneous quantification of compounds using HPTLC method. This method could be widely applied directly for routine analysis and quality assurance of related extracts and drugs. 
